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ABSTRACT. A population of E. elathea was studied for 13 months, from May 1996 to May 1997 in a disturbed environment in suburban

Campinas, southeastern Brazil. The population showed fluctuations in numbers throughout the study period, with well-marked peaks of abun-

dance in June-July, November-December and February. Sex ratio was male biased in four months and the time of residence was higher in the

dry season. Both sexes were polyphenic; paler phenotypes occurred in the dry season and darker phenotypes in the wet season. Paler pheno-

types were more frequently recaptured and had higher residence values than darker ones. Differences in behavior were attributed to adapta-

tion to seasonally different environments.

Additional key words: Coliadinae, mark-recapture, urban butterflies.

The recent surge of interest in the conservation of

tropical environments has led to an increase in studies

of the natural history and ecology of organisms resid-

ing in the tropics (Noss 1996). These have included

some long-term studies on population biology of

neotropical butterflies, focused mainly on aposematic

groups such as Heliconiini, Ithomiinae and Troidini

(Turner 1971, Ehrlich & Gilbert 1973, Brown & Ben-

son 1974, Drummond 1976, Young & Moffett 1979,

Brown et al. 1981, Saalfeld & Araujo 1981, Vasconcel-

los-Neto 1980, 1986, 1991, Freitas 1993, 1996, Haber

1978, Rogner & Freitas 1999). Population studies with

the Pieridae, however, have focused on non-tropical

species, especially agricultural pests (Watt et al. 1977,

1979, Tabashnik 1980) common in this family (Chew

1995).

Seasonal polyphenism (Shapiro 1976, 1984) is an in-

teresting feature of some pierid butterflies (the

"whites" and "small yellows"). Numerous insect groups,

especially butterflies, are polyphenic in response to sea-

sonal abiotic factors (Shapiro 1976). Degree of

melanization, number of wing spots (especially eye-

like markings on the wings in Satyrinae), and color

variations have been attributed to adaptation to sea-

sonally different environments and thermoregulation

(Shapiro 1976, Brakefield & Larsen 1984, Kingsolver

& Wiernasz 1987, Braby 1994, Van Dyck et al. 1997,

Windig et al. 1994). In general, seasonal morphs are

related to dry vs. wet season in the tropics, and spring

vs. summer or fall in temperate regions (Nylin 1989).

Many different environmental factors induce poly-

phenism (see Shapiro 1984 and Jones 1992). Different

behaviors linked to different color patterns also have

been reported (Shreeve 1987, Nakasuji & Nakano

1990, Van Dyck et al. 1997).

The pierid Eurema elathea (Cramer, 1777) is a small

Neotropical butterfly common in lawns, pastures, and

other disturbed environments (DeVries 1987, Brown
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1992). The polyphenism in this species was reported

by Brown (1992), who noted that dry season forms

were dorsally paler than wet season forms. The species

is commonon the Campus of the Universidade Estad-

ual de Campinas (Unicamp), where it can be observed

flying on the lawns and visiting several species of wild

flowers (Oliveira 1996).

This paper provides a detailed account of the popu-

lation parameters of Eurema elathea, and our objec-

tives are to: (1) examine the age-structure, size and sex

ratio and size of the population; (2) describe the varia-

tion in proportions of the different polyphenic types

throughout the year; and (3) provide subsidies to the

management of this species in urban habitats.

Materials and Methods

A mark-release-recapture (MRR) study was carried

out on the Campus of the Universidade Estadual de

Campinas (Unicamp), Sao Paulo state, southeastern

Brazil, as part of a project of study of urban ecology on

the Campus of the University. Annual rainfall is about

1360 mmand mean temperature 20.6°C (data from

the Instituto Agronomico de Campinas). The regional

climate is markedly seasonal, with a warm wet season

from September to April and a cold dry season from

May to August. During the research, the mean tem-

perature of the coldest month was 17.6°C and of the

warmest month was 24.8°C, with climate typical of the

region (Fig. 1), except for May 1997, which was a rainy

month and thus was included in the wet season.

The vegetation on the campus where the study was

conducted consists of large lawns with sparse trees and

scattered small flowering shrubs. The lawn was mowed
five times during the period of study, as part of normal

procedures of maintenance of the campus. The studv

area was divided into nine plots corresponding to

lawns separated by walking trails connecting the build-

ings on the Campus (Fig. 2).

Butterflies were marked and recaptured between 28

May 1996 and 27 May 1997 (1-3 times per week), in
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Fig. 1. Climagram for the Campinas region during the research

(based on Santos 1965 and Walter 1985). Hatched = humid periods,

black = superhumid periods, and dotted = dry periods.

Fig. 3. Color types for males (top and middle rows) and females

(bottom row) of Eurema elathea (background pale yellow, solid =

black, dotted = orange).

sessions with 2-3 persons lasting 2-3 hours near mid-

day, totaling 84 field days. The sessions ended when
more than 80% of individuals captured represented re-

captures of marks already given or recorded on that day.

Butterflies were net-captured, numbered on the un-

derside of the forewings (felt-tipped pen), and re-

leased. Wing wear (seven "age" classes), point of cap-

ture, sex, forewing length and food sources were

recorded (all following Freitas 1993, 1996, and Rogner

& Freitas 1999). Forewing length was measured with

a ruler, to the nearest mm. The age of individual but-

terflies was estimated in seven categories based on

wing wear (Ehrlich & Davidson 1960, Brussard &
Ehrlich 1970, Ehrlich & Gilbert 1973), posteriorly

grouped into three: new, intermediate and old (as in

Freitas 1993, 1996 and Rogner & Freitas 1999). Values

from one to seven, attributed to each wing wear class

(where 1 = teneral and 7 = tattered) were used to com-

pare the mean "age" of first captures in the different

Fig. 2. Study area on the Campus of the Universidade Estadual

de Campinas, showing the eight grassy areas (closed figures) sepa-

rated by open trails. The small circular area, covered by dense

shrubs (Calliandra sp., Fabaceae) was not sampled.

color types. The amount of black on the dorsal

forewing inner margin was recorded for males and fe-

males (details in next section).

The mark-release-recapture (MRR) data were ana-

lyzed by the Jolly-Seber (Southwood 1971) method for

estimating population parameters (CMLR software

developed by Dr. R. B. Francini, Unisantos) for the

obtainment of estimated population numbers and

standard errors. Daily results were tabulated as "num-

ber of individuals captured per day" (NICD), and

"number of individuals present per day" (NIPD). To

estimate the NIPD, recaptured individuals were con-

sidered to be present in the population on all previous

days since the day of first capture (^marked animals at

risk) (following Rogner & Freitas 1999). The data were

grouped for analysis into "dry season" (May-August

1996) and "wet season" (September 1996-May 1997),

in accord with the rainfall (climagram in Fig. 1).

Phenotype. Males were classified in six color types

(I to VI) based on the amount of black on the dorsal

forewing inner margin (Fig. 3), following a classifica-

tion used previously by Ruszcsyk and collaborators

(unpublished data) for E. elathea in central Brazil. The

extremes were "marginal black bar absent" (type I)
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Fig. 4. Monthly percent of different male color types of E.

elathea from May 1996 to May 1997. From top to bottom in first col-

umn, types I to VI.
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Fig. 5. Monthly percent of different female color types of E.

elathea from May 1996 to May 1997. White = type I (pale), black =

type II (dark). Because the type II was absent from May to October

1996, the first six months were combined in a single bar..

and "broad and complete marginal black bar" (type

VI). In females only two color types were defined:

"marginal black bar absent" (type I) and "short mar-

ginal black bar" (type II). Intermediates, as defined by

the length and width of the black stripe, were not ob-

served in females. The variation appeared to be con-

tinuous in males, causing some problems in defining

the classes of intermediates especially in the first

month (the first 40 individuals marked were dis-

carded), resulting in a total number of assigned poly-

phenic types different from the total by sex.

Results

Phenotype. Males of the color types I to IV were

more common in the dry season, and V and VI were

more common in wet season. The latter two pheno-

types (dark forms) represented 90-100% of the total

individuals seen in seven months (all in the wet sea-

son), and less than 50% in the other months (two in

the wet season and all dry season months) (Fig. 4). Fe-

males of the color type II (the dark wet season form)

appeared first in November 1996, disappearing after

April 1997 (Fig. 5). The proportions should be com-

pared with the climate of the previous month, when
the individual completed larval growth and pupated.

Thus, although September was a wet month, the pro-

portion of lighter forms was very high, reflecting the

dry weather of August; and even though April was rel-

atively dry, the darker forms still predominated (Fig. 1).

Population biology. In all, 1468 individuals of Eu-

rema elathea were captured during the 12 months of

1996 (MONTHS)

Fig. 6. Number of individuals present per day (NIPD) of males

(below) and females (above) of E. elathea from May 1996 to May
1997. Arrows indicate mechanized grasscuttings.

the study, with 320 of these recaptured at least once.

In the dry season (25 days), the number of individuals

captured per day varied from to 53 individuals (mean

= 21.3; SD = 14.3) for males and to 32 (mean = 13.6;

SD = 8.2) for females. In the wet season (59 days), the

number of individuals captured per day varied from

to 32 individuals (mean = 9.8; SD = 8.4) for males and

to 27 (mean = 7.9; SD = 7.8) for females. The num-

ber of individuals present per day in the dry season

varied from to 64 individuals (mean = 27.9; SD =

17.2) for males and to 39 (mean = 17.6; SD = 11.0)

for females. In the wet season, the same varied from

to 35 individuals (mean = 11.0; SD = 9.6) for males

and to 29 (mean = 8.7; SD = 8.7) for females. The

population (based on NIPD) presented three peaks of

abundance for both sexes: June-July 1996, Novem-
ber-December 1996 and February 1997 (Fig. 6).

Mechanized grasscuttings (17 Aug. 1996, 13 Dec.

1996, 27 Feb. 1997, 23 Mar. 1997 and 17 May 1997,

arrows in Fig. 6), led to decrease in adult abundance

especially in 1997 after three grasscuttings at 24 and

55-day intervals.

Males were recaptured up to six times in the dry

season and up to four times in the wet season; females

were recaptured up to four times in dry season and up

to three times in wet season. In all, 200 males and 120

females were recaptured at least once (Table 1). The

highest recapture rate was observed in male color type

1 (dry season), and the lowest in male color type VI

(wet season) and in both female color types (Table 2).

Multiple recaptures were significantly more frequent

in males (Table 2). The results of Jolly-Seber analysis

for males and females separately (Figs. 7 and 8) show

patterns very similar to those of NIPD (Fig. 6).

The total sex ratio (809 males and 659 females) was

male biased (%
2 = 15.3, df = 1, p < 0.001), but when
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Table 1. Recapture rates of adults of Eurema elathea in the

study, cap = total captured, recap = individuals captured at least

once. Asterisks on the Chi square values indicate that die difference is

significant (P < 0.05, df = 1). Chi squares were calculated considering

"cap" versus "individuals never recaptured" ("cap" minus "recap").

Dry

813

Sex cap/recap % cap/recap % cap/recap %

Males 370/104 28.1 439/96 21.9 809/200 24.7

Females 265/59 22.3 394/61 15.5 659/120 18.2

Total 635/163 25.7 833/157 18.8 1468/320 21.8

Ch squares

males vs females %
2 = 2.78 X

2 = 5.39* X
2 = 9.03*

dry vs wet %
2 = 9.27*

the months were analyzed separately, significant bias

was observed in only four months (June, July and De-

cember 1996, and May 1997), with females dominat-

ing only in one month and sex ratio nearly 1 : 1 in four

months (Fig. 9). Although the proportion of recap-

tures of males was higher than females, differences

were significant only in the wet season, with total re-

capture rate significantly less than in the dry season

(Table 1).

Age structure and residence time. Most of the

first captures of both sexes were individuals of "inter-

mediate" age (49% of males and 52% of females).

Based on the categories of wing wear, the "age" of first

recapture of males (mean class = 2.65, SD = 0.86, n =

744) was lower than females (mean = 2.83, SD = 0.87,

n = 660) (t = 4.0, df = 1402, p < 0.0001). Color type VI

was captured at a lower "age" than all other types ex-

cept I (Table 2). The population showed peaks in

abundance of "new" individuals in late June, Au-

Table 2. Population parameters of the different color types of

Eureina elathea. Different superscript letters show significant differ-

ences among the different phenotypes. AFC= mean age at first cap-

ture (based on age categories), MRT= mean residence time (days),

MUR= proportion of individuals with multiple recaptures (%),

MOV= proportion of individuals that moved to another subarea

(%)

Males Females

i II III IV v VI I ii

Marked 64 62 47 70 146 355 529 131

Recaptured

%of
recapture*

AFC**

24

37.5"

2.77 s -

14 12

22.6"- b 25.5"- b

' 2.86" 2.89»

19 40

27.1"- b 27.4"- b

2.78" 2.89"

76 95

21.4 b 17.9 b

2.43 b 2.77

25

19. l
b

' 2.85"

MRT
(days)*** 11.4" 10.5" 8.6" 12.0" 9.0" 10.2" 7.5" 9.1"

MUR 45.8 35.7 25.0 52.6 35.0 32.9 21.0 16.0

MOV 83.3 57.1 75.0 73.7 80.0 75.0 61.0 76.0

* p < 0.05, Chi-square tests

** p < 0.05, one way ANOVA
*** p > 0.05, one way ANOVA
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Fig. 7. Estimated population size (Jolly-Seber) for E. elathea

males (above) and females (below), from May to August 1996. The
maximum number of individuals is given as the estimate plus the er-

ror (superior part of vertical bars), and the minimum number is given

as die number of individuals present per day (inferior part of vertical

bars), assuming that the population could not be lower than this

number.

gust-September, late November and February, sug-

gesting high rates of recruitment in these periods (Fig.

10), with some indication of protandry.

Combining both seasons, residence time of males

(mean = 9.8 days, SD = 7.7, n = 201) was not signifi-

cantly higher than that of females (mean = 8.3 days,

SD = 7.6, n = 119) (t = 1.710, df = 318, p = 0.09).

However, differences were significant in the wet sea-

son (t = 2.127, df = 155, p = 0.03), and not in the dry

season (t - 0.749, df = 161, p = 0.45). Residence times

were marginally higher in the dry season for both

males (t = 1.95, df = 199, p = 0.052) and females (t =
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Fig. 8. Estimated population size (Jolly-Seber) for E. elathea males (above) and females (below), September 1996 to February 1997 (see

Fig. 7 legend).

1.99, df = 117, p = 0.049) (see also Table 3). The max-

imum residence time in the dry season was 52 days for

a male and 54 days for a female, and in the wet season

28 days for a male and 21 days for a female. The resi-

dence times were not different among the different

phenotypes of males and females (F
7 9g7

= 0.903, p =

0.504) (Table 2). Survival of males and females in each

1996 (MONTHS)

Fig. 9. Sex ratio for E. elathea from May 1996 to May 1997, as

percent of males in each days captures.
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Fig. 10. Age structure of males (below) and females (above) of E.

elathea (black = fresh individuals, hatched = intermediate, white =

worn individuals) from May 1996 to May 1997.
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Table 3. Residence time (in days) ofEurema elaihea adults in the

dry and wet seasons. Days elapsed between marking and last recap-

ture represent the minimum permanence (MP) for each individual.

MP(days) Males (%) Females (%) Total (%)

Dry Season
1-5 36 (34.6) 29 (49.1) 65 (39.9)

6-10 23 (22.1) 12 (20.3) 35 (21.5)

11-15 22(21.1) 5(8.5) 27 (16.5)

16-20 8 (7.7) 4(6.8) 12 (7.4)

21-25 8 (7.7) 4 (6.8) 12 (7.4)

26-30 2(1.9) 4 (6.8) 6 (3.7)

31-35 3(2.9) — 3(1.8)

>35 2(1.9) 1(1.7) 3(1.8)

Total 104 59 163 (100)

Mean ± sd 10.9 ± 9.1 9.7 ± 9.8

Max 52 54

Wet Season
1-5 34 (35.4) 32 (52.4) 66 (42.0)

6-10 33 (34.4) 15 (24.6) 48 (30.6)

11-15 16(16.7) 11 (18.0) 27(17.2)

16-20 9 (9.4) 2 (3.3) 11 (7.0)

21-25 2(2.1) 1(1.6) 3(1.9)

26-30 2(2.1) — 2(1.3)

Total 96 61 157 (100)

Mean ± sd 8.8 ± 5.6 6.9 ± 4.2

Max 28 21
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Fig. 11. Mean (+ SD) forewing length of males and females of

E. elathea (based on monthly recruitment). Different letters above

the bars indicate significant differences in the means (one way
ANOVA, p < 0.005).

season are somewhat different (Table 3), with esti-

mated median residence time ("life expectancy" of

Cook et al. 1967) of 5.53 days for males and 4.72 days

for females in the dry season, and 4.95 days for males

and 4.87 days for females in the wet season.

Forewing length. For the entire sample, the aver-

age forewing length of females (mean = 17.9 mm, SD
= 1.19, n = 661) was statistically greater than males

(mean = 17.4 mm, SD = 1.05, n = 782) (t = 7.51, df =

1441, p < 0.001), and this difference was significant in

seven months (Table 4). No significant differences in

wing length were observed among the different color

Table 4. Mean forewing length (± SD) oiEurema elathea in this

study. Asterisks indicates that means are different between sexes in

that month (f-tests, p < 0.05). N = sample size.

Month/year Males N Females N

May/1996* 17.6 ± 0.9 60 18.4 ± 1.2 52

Jun/1996* 17.4 ± 1.1 147 17.9 ± 1.1 108

Jul/1996* 17.3 ±1.1 111 17.9 ± 1.3 72

Aug/1996 17.2 ± 1.4 32 17.8 ± 1.3 32

Sep/1996 17.8 ± 1.1 19 18.1 ± 1.4 11

Oct/1996* 16.7 ±0.9 39 17.3 ± 1.0 38

Nov/1996* 17.1 ±1.1 60 17.5 ±1.1 62

Dec/1996* 17.3 ± 0.8 58 17.9 ± 1.2 40

Jan/1997* 17.3 ± 0.9 65 17.9 ± 1.2 74

Feb/1997 17.7 ± 0.9 133 17.8 ±1.2 120

Mar/1997 17.8 ± 0.8 24 18.0 ± 1.2 25

Apr/1997 17.8 ± 0.9 20 17.9 ± 1.1 23

May/1997 17.5 ± 1.2 14 17.0 ± 1.4 4

types within sexes (Fig. 11). Average wing length of

males was equal in the dry (mean - VIA mm, SD =

1.11, n = 350) and the wet season (mean = 17.4 mm,
SD = 0.99, n = 432) (t = 0.942, SD = 780 p = 0.34). In

females, average wing length in the dry season (mean
= 18.0 mm, SD = 1.21, n = 264) was considered

greater than in the wet season (mean = 17.8 mm, SD =

1.17, n = 397) (t = -2.437, df = 659, p = 0.015).

Natural history of the adults. Adults started ac-

tivity around 0800 h in summer and 1000 h in winter,

varying greatly with the weather (on some cold days

during winter, the activity only began after 1100 h). As

a rule, the peak of activity of the adults was between

1200 h and 1400 h, especially in the wet season, when
many individuals were in courtship behavior or mat-

ing, and females usually were looking for plants for

oviposition. After 1600 h, activity diminished, and es-

pecially in the dry season, the butterflies congregated

in some grass patches in the study area to roost in

loose aggregations.

Movements among the subareas were observed in

all color types of both sexes. Males of color types I and

V had the greatest number of individuals moving be-

tween sub-areas (Table 2). In the dry season, butter-

flies appeared to be more resident, engaging mainly in

short flights, while in the wet season they were more

active and frequently observed in long flights. Due to

the fact that the different subareas were of unequal

size, the proportions of individuals moving to other

subareas do not reflect the flight distances.
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Adults were usually seen feeding on flowers. Thir-

teen species of flowers were used as nectar sources.

The most visited was Emilia sonchifolia (Asteraceae)

(103 of a total of 150 records), but virtually any plant

species in blossom was observed being used by the

adults (see Oliveira 1996 for a list of flowers used in

this same area).

Discussion

Population biology. Male biased sex ratios have

been observed in many natural populations of butter-

flies, even when the sex ratio in laboratory was 1:1 (e.g.,

Brussard & Ehrlich 1970, Ehrlich & Gilbert 1973,

Brassard et al. 1974, Watt et al. 1977, 1979, Brown &
Ehrlich 1980, Ehrlich 1984, Ehrlich et al. 1984, Mat-

sumoto 1984, 1985, Freitas 1993, 1996). Behavioral

differences may contribute to this bias (Ehrlich 1984,

Freitas 1996); Shapiro (1970) argues, however, that in

several pierids this bias is related to the density of

males. In this study, females accounted for 44.9% of

the 1468 individuals collected in one year (male:

female ratio 1.2:1), but the ratio was different from 1:1

in only four months.

Besidence time of E. elathea is not high if compared

to tropical butterflies in the genus Heliconius (Turner

1971, Benson 1972, Ehrlich & Gilbert 1973), but is

similar to that obtained for some Ithomiinae (Vascon-

cellos-Neto 1980, Freitas 1993, 1996, Bogner & Fre-

itas 1999). Dispersal of adults probably affects resi-

dence time, explaining the lower time of residence,

mainly in the wet season. Especially the lower resi-

dence time of females in the wet season could be re-

lated to higher dispersal rates in this sex (see also

Shapiro 1970 and Freitas 1993, 1996). Increased dis-

persal after the first rains has been reported in Ithomi-

inae in tropical seasonal forests (Vasconcellos-Neto

1980).

Also contrasting with populations of Heliconius but-

terflies, that maintain relatively constant numbers

throughout the year (Turner 1971, Ehrlich & Gilbert

1973, Araujo 1980, Bogner & Freitas 1999), E. elathea

fluctuated markedly in abundance throughout the

year, in a way similar to that observed in Ithomiinae

(Nymphalidae) and Troidini (Papilionidae) (Brown &
Benson 1974, Drammond 1976, Haber 1978, Young &
Moffett 1979, Vasconcellos-Neto 1980, 1986, 1991,

Brown et al. 1981, Freitas 1993, 1996). Such fluctua-

tions may be common in populations of temperate-

zone pierids (Watt et al. 1977, 1979, Tabashnik 1980).

For E. elathea in this study, these fluctuations are in

part related to local grasscuttings, which probably de-

stroyed many immatures, and made the adults leave

the area looking for food sources. In the present work,

grasscuttings occurred in periods of population de-

cline, on all occasions (Fig. 6), affecting the population

and leading to very low numbers of butterflies in May
1997. Becolonization of the area probably occurred by

individuals arriving from nearby populations, and the

increase in the frequency of intermediate and old indi-

viduals after the first grasscutting (on 17 August 1996)

supports this idea. The high proportion of first cap-

tures of individuals classified as intermediate and old

suggests that migration might be commonamong sub-

populations, and could provide new stock to a recently

cut site. These population features suggest that this

butterfly species would persist in metapopulations

(Hanski & Gilpin 1997) in the study area. Further in-

vestigation on this subject could reveal important pat-

terns in the ecology of butterflies in urban environ-

ments, but the results suggest that grasscuttings

should be done after the first rains, when the popula-

tion starts to be more vagile. Also, the grasscuttings in

the dry season destroyed the roosting places of the

butterflies, that could affect the survival of the individ-

uals in the dry environment.

Even if reproductive diapause was not investigated

in the present study, some comparisons can be made
with other butterfly species in the seasonal tropics.

Several species of tropical butterflies are known to ex-

hibit reproductive seasonality (e.g., Jones & Bienks

1987, Braby 1995), and this pattern is supposed to be

linked with rainfall, and consequently with the avail-

ability of host plants (Braby 1995). The pattern ob-

served in E. elathea in the present study is similar to

that exhibited by E. hecahe in Australia (Jones &
Bienks 1987), with the maximum populational density

reached in the middle of the dry season (but the ef-

fects of lawn mowing, that is affecting the population

numbers, cannot be discarded). In E. hecahe, "gravid"

females were present in all samples, but the propor-

tion of them dropped when the population reached a

peak (Jones & Bienks 1987). Thus, we could hypothe-

size that if E. elathea follows the same pattern, the

population of this species present continuous breed-

ing, but the number of reproductive females in the dry

season (also the population peak) might be low. This

subject is now under investigation by Buszczyk and

collaborators in a population in central Brazil.

Polyphenism. In most studies of polyphenic

species of butterflies, dry-season phenotypes were

lighter and less conspicuous than wet-season pheno-

types (Brakefield & Larsen 1984, Shapiro 1984, Brake-

field 1987, Brakefield & Beitsma 1991, Jones 1992,

Braby 1994, Windig et al. 1994). These differences

have been related to ventral surface camouflage in the

more sedentary color morphs produced in the dry sea-
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son (Shapiro 1976, Brakefield & Larsen 1984, Brake-

field & Reitsma 1991, Jones 1992, Van Dyck et al.

1997). In the present study, paler phenotypes were

also more frequent in the dry season, when a brown

substrate of dead leaves predominated on the ground

where the butterflies rest. This paler phenotype may
enhance survival of E. elathea through crypsis as the

environment dries out and changes color (Owen 1971,

Jones 1987, 1992). Thus, the different phenotypes

could represent responses to seasonal differences in

the environment and selective pressures such as pre-

dation (Brakefield & Larsen 1984, Brakefield 1987,

Brakefield & Reitsma 1991). Braby (1994) proposed

that in satyrs, dark wet-season forms rely on anti-

predator devices (prominent eyespot patterns) which

are displayed at rest and function to deflect attacks;

while lighter dry-season forms with reduced eyespots

probably rely on crypsis for survival. Windig et al.

(1994) proposed that selection on males tends to favor

wing patterns contributing positively to mate-seeking

activity and thermal budgets (small and dark wings),

while selection on females tends to favor paler ground

colors and, in wet season forms, conspicuous markings

(as female type II in this study). Allied with differences

in color and pattern, differences in behavior in differ-

ent seasons and phenotypes were observed on several

occasions (Guppy 1986, Shreeve 1987, Nakasuji &
Nakano 1990, Van Dyck et al. 1997). A possible hy-

pothesis to be tested in tropical seasonal environments

is that paler dry-season forms would be more resident

than darker wet-season forms, that could enhance the

value of their cryptic coloration (as reported in Van

Dyck et al. 1997). The results of recapture rates of

males of different color types of E. elathea in this study

agree with this, since the paler color type (type I) had

a higher recapture rate, and the darker color type

(type VI) had a lower recapture rate (see Table 2). Un-

fortunately, the present study does not provide real

distances traveled by the individuals, due to the fact

that the different subareas were of unequal size (Fig.

2), and the hypothesis that paler phenotypes are more

resident could not be tested.

Behavioral differences among the different color

types could also be related to wing melanization (and,

consequently, to thermoregulation) and body size

(wing length). Van Dyck et al. (1997) hypothesize that

small phenotypic wing differences could result in con-

siderable variation in thermoregulation: darker butter-

flies could heat up more rapidly (Wasserthal 1975),

and could spend more time flying and searching for fe-

males. In the study area, the wet season is also the

warm season, and dark butterflies probably would be-

came warm faster than pale forms, resulting in in-

creased flight activity. This could be true in many trop-

ical seasonal habitats. If this holds, dark butterflies

would benefit in all seasons (warm or cool), and their

absence or low numbers in the dry season would be

explained only by the cryptic advantage of the paler

forms in dry season. Future research in this subject is

needed to investigate this point.

The ventral pattern of the wings (not analyzed in

this study) varies continually from plain white (mostly

in the wet season) to patterned yellow and orange

(mostly in the dry season) in both sexes. This is the

side normally displayed by the butterflies at rest; the

variation probably enhances camouflage and thermal

effects in the different color types. Ruszczyk (pers.

comm.) proposed that when E. elathea males are fly-

ing, the black bar of the darker types resembles the

black bar of the hindwing outer margin of the distaste-

ful moth Utetheisa ornatrix (Arctiidae). The white pat-

tern of the underside of these morphs also matches

the light coloration of this moth. The two species often

fly together and use similar substrates when perched,

and this could be a good hypothesis to be investigated

in the future.

Size is also important, since larger butterflies could

more easily attain and maintain higher temperatures

(Willmer & Unwin 1981). Van Dyck et al. (1997) pro-

pose that larger darker individuals would be adapted

for patrolling and dispersal. Dry-season forms are in

general larger than wet-season forms (Brakefield 1987,

Brakefield & Reitsma 1991, Jones 1992, Braby 1994).

Brakefield and Reitsma (1991) argue that this differ-

ence could be the result of behavioral and life history

components: larger butterflies were the result of op-

portunistic development at the end of the wet season,

while dry season forms derived more benefit from fast

development (resulting in smaller size) which enables

their progeny to complete development before the

vegetation dries out. In most pierids, larger adults

arise when larvae are reared at lower temperatures,

and in two Eurema species larger size was induced by

short photoperiods (Jones 1992). In this study, no sig-

nificant differences in size in E. elathea were observed

within the different color types, but the dry season fe-

males were larger than wet season females (not wet

season forms). According to Braby (1994), several ad-

vantages could be associated with this increase in size,

like increased longevity and capacity of storage in the

fat body, both important in the dry season, when food

resources are scarce.
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